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Objectives To evaluate the usefulness of detecting two genes involved in biofilm
formation (icaA and aap) and one gene involved in initial adhesion (atlE) for discrimina-
tion between contaminant, colonizing and invasive Staphylococcus epidermidis isolates
involved in catheter-related infections.
Patients The first group contained 29 isolates that were isolated from the skin of healthy
volunteers (contaminant isolates). The second group contained 16 isolates recovered
from catheters (>1000 CFUs on quantitative catheter culture) from asymptomatic
patients without bacteremia. These isolates were considered to be colonizing isolates.
The third group contained 34 isolates grown in 2 different blood cultures from patients
with a systemic inflammatory response. These isolates were considered to be invasive
isolates.
Results The prevalence of atlE did not differ between the three groups. The icaA and aap
genes were significantly more prevalent in colonizing isolates (88% aap; 88% icaA) than in
invasive isolates (68% aap, P¼ 0.179; 59% icaA, P¼ 0.055) and than in skin isolates (52%
aap, P¼ 0.02; 38% icaA, P¼ 0.002).
Conclusions The high prevalence of aap and icaA in skin isolates and their higher
prevalence in colonizing than in invasive isolates led to a low specificity when these
genes were used to differentiate between contamination, colonization and invasive
infection. We conclude that, although the prevalence of these genes differs in the three
groups, their presence cannot be used for clinical decision-making.
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I N T R O D U C T I O N
Coagulase-negative Staphylococcus (CNS) is a
major component of the normal skin flora [1]. Since
the early 1980s, it has also emerged as an important
pathogen [2–5]. CNS is mainly found in infections
related to indwelling or implanted foreign bodies.
The impact of foreign body-associated CNS infec-
tions on public health is enormous [6,7]. CNS is
found in 36% of nosocomial bloodstream infec-
tions, and is therefore the single leading pathogen
in bloodstream infections. CNS bloodstream infec-
tions have an attributable mortality of 13.6% [7].
Given the dermal origin of CNS, it is often difficult
to differentiate a CNS strain isolated from a single
blood culture as a contaminant or an infecting
strain.
Studies on the pathogenesis of CNS infections
by Peters et al. [8] indicated a key role of slime
production and biofilm formation in successful
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colonization of foreign bodies. Others have iden-
tified the icaADCB operon (intercellular cluster
adhesin) [9,10] and the accumulation-associated
protein (AAP) [11] as important genetic deter-
minants of slime production. The atlE gene is
presumably involved in initial staphylococcal
adhesion [10]. Two studies have suggested that
the higher prevalence of ica in clinical isolates may
be used as a tool to classify a single CNS isolate as
puncture contamination or clinically significant
and related to bloodstream infection [12,13]. Simi-
lar studies have found a higher prevalence of ica in
CNS isolates recovered from prosthetic valve
endocarditis [14] and prosthetic joint infections
[15,16].
However, the link between colonization of an
indwelling device with biofilm-embedded bacteria
and subsequent invasive infection is not always
clearcut [17]. Animal experiments have shown a
higher incidence of tissue invasion in slime-nega-
tive isolates than in slime-positive isolates [18].
These findings may suggest that markers for bio-
film formation may not be the best markers for the
identification of invasive isolates. The aim of the
current study was to evaluate the prevalence and
diagnostic value of three genetic markers for bio-
film production (aap and ica) and adhesion (atlE) in
well defined clinical isolates and in control skin
isolates. Given the wide spectrum of Staphylococcus
epidermidis-related conditions (skin commensal,
asymptomatic catheter colonization, catheter infec-
tions without bloodstream invasion, and bactere-
mia with sepsis), we know that every classification
of isolates may be subject to discussion.
M A T E R I A L S A N D M E T H O D S
Bacterial strain collection
S. epidermidis isolates (n¼ 50) were prospectively
collected between March and September 2000 in a
tertiary-care teaching university hospital in Leu-
ven, Belgium. During this period, all blood and
catheter cultures received by the microbiology
laboratory were evaluated. In total, 926 blood
cultures grew CNS and were evaluated. All
patients with at least two positive blood cultures
drawn at different times, or drawn simulta-
neously, but one from the central line and the
other through a peripheral puncture site, were
considered as having true CNS bacteremia, pro-
vided that the isolates had the same antibiogram
and phenotypic appearance. The catheter culture
was considered to be positive when at least
1000 CFUs/catheter were grown using quantita-
tive culture [19]. Quantitative catheter culture was
performed as follows. The distal centimeter of the
catheter was placed in 10 mL of NaCl 0.9%, vor-
texed for 1 min, and sonicated for 5 min (Bransonic
Ultrasonic Cleaner, Bransonic Ultrasonic Corpora-
tion, Danbury CT, USA). The sonicate was inocu-
lated with a Spiral Plater (Spiral Systems,
Cincinnati, OH, USA) on both Tryptone Soya Agar
(TSA) (Oxoid, Basingstoke, UK) and a blood plate
(TSA with 5% whole horse blood). Staphylococci
were identified with standard laboratory techni-
ques. Species determination was performed with
the Staph-zym kit according to the instructions of
the manufacturer (Rosco Diagnostica, Taastrup,
Denmark) [20]. Because S. epidermidis is the most
prevalent strain, and in order to streamline the
study and to increase the sensitivity of the PCR, all
non-epidermidis staphylococci were excluded from
further analysis. For each strain recovered, the
treating physician was contacted, and clinical
parameters (the presence of a systemic inflamma-
tory response syndrome (SIRS) [21] and the
absence of another focus of infection) were col-
lected. SIRS was defined according to the consen-
sus definitions as comprising at least two of the
following features: temperature >38 8C or <36 8C;
heart rate >90 beats/min; respiratory rate >20/
min; and white blood cell count >12 000 cells/
mm3 or <4000 cells/mm3 [21]. These clinical cri-
teria were used to determine the significance of
each isolate [22]. Catheters were considered to be
the source of SIRS when there was no other
obvious focus of infection and when SIRS disap-
peared and the temperature fell below 38 8C
within 48 h after removal of the catheter. After
selection of a patient, and for both colonizing
and invasive isolates, one single colony was picked
out and grown in brain–heart infusion (BHI) broth
(Oxoid). Further analyses were performed on
these pure cultures.
S. epidermidis skin isolates (n¼ 29) were col-
lected from the hands or the vestibulum nasi from
35 healthy volunteers who had no contact with the
hospital environment. The initial samples were
cultured on a mannitol salt agar plate. After
24 h, two colonies of each volunteer were ran-
domly selected. Standard laboratory techniques
were used to identify staphylococci and to exclude
S. aureus. Only one isolate per volunteer was
included. Control skin isolates were selected from
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healthy volunteers, because they are presumed to
have a ‘normal’ commensal CNS flora, not affected
by clonal selection or antibiotic pressure.
Classification of the isolates
Clinical isolates were divided into two groups.
Isolates were defined as invasive (n¼ 34) when
they were recovered from blood cultures of
patients with proven sepsis, defined as having
SIRS and CNS bacteremia (at least two different
positive blood cultures yielding CNS strains with
the same phenotypic appearance and antibio-
gram). Thirteen of these patients had a positive
catheter culture yielding a CNS strain with the
same antibiogram as the blood isolate. Twelve
patients had a negative catheter culture, and in
nine patients catheter culture was not performed.
Isolates were defined as colonizing (n¼ 16) when
they were recovered from the catheters of asymp-
tomatic patients without SIRS and CNS bacteremia
but showed significant growth (> 1000 CFUs) of
CNS in quantitative catheter culture.
Isolation of genomic DNA
All isolates were grown overnight in BHI broth.
Bacteria were pelleted, and further DNA isolation
was performed with InstaGene Matrix (Bio-Rad,
Hercules, CA, USA) according to the instructions
of the manufacturer.
DNA amplification reaction
Primers are given in Table 1. All PCRs were per-
formed on a GeneAmp PCR System 9700 (PE
Applied Biosystems, Foster City, CA, USA).
Cycling conditions were as follows: preheating
for 5 min at 94 8C, followed by 25 cycles of 30 s
at 94 8C, 60 s at 55 8C and 60 s at 72 8C. The PCR
reaction mixture had a volume of 20 mL, and con-
sisted of 0.2 mM (each) dATP, dTTp, dCTP, and
dGTP; 50 mM KCl, 1.5 mM MgCl2, 10 mM Tris-HCl
(pH 8.3), 5 U of Taq polymerase (Perkin Elmer),
0.5 mmol/L of each primer, and 2 mL of genomic
DNA (1.55 mg of DNA: (range 1.28–1.98 mg). In each
PCR, a positive control and a negative control
(distilled water) was included. Amplified pro-
ducts were analyzed by agarose gel electrophor-
esis. The amplicon of icaA was 502 bp, that of aap
399 bp, and that of atlE 500 bp (Figure 1).
Statistical analysis
The relative risk, 95% confidence interval (CI),
sensitivity, specificity and positive predictive
value were calculated with a contingency table.
All P-values are two-tailed and calculated with
the Fischer exact test. The numbers of CFUs in
each group were compared by using the Mann–
Whitney test.
R E S U L T S
The prevalence of aap and icaA either alone or in
combination and of atlE in colonizing isolates,
invasive isolates and skin isolates is shown in
Figure 2. Differences in the prevalence of these
genes between colonizing, invasive and skin iso-
lates are summarized in Table 2.
Figure 1 PCR product from the positive control (strain
10b) and the negative control, respectively, for aap, icaA
and atlE.
Table 1 Primers for icaA, aap and atlE used in this study
Gene Forward primer 50-30 Reverse primer 50-30 Positions EMBL Accession No.
icaA CACGTGCTCTATGCTGGATG CCGTTGGATATTGCCTCTGT 1494–1996 U43366
aap ATACAACTGGTGCAGATGGTTG GTAGCCGTCCAAGTTTTACCAG 1357–1756 AJ249487
atlE CAACTGCTCAACCGAGAACA CATCGTTTTCAGCGCTATCA 3497–3997 U71377
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Colonizing isolates versus skin isolates
The aap gene and the icaA gene, individually or in
combination, were clearly more prevalent in colo-
nizing isolates than in skin isolates. In all coloniz-
ing isolates, at least one gene involved in biofilm
production was present. Although it was slightly
more prevalent in colonizing isolates than in skin
isolates, there was no clear association between the
presence of atlE and catheter colonization. The
sensitivity, specificity and positive predictive
value for differentiating between colonizing iso-
lates and skin isolates were, respectively, 88%, 48%
and 48% for the presence of aap, and 88%, 62% and
56% for the presence of icaA.
Invasive isolates versus skin isolates
The aap gene and the icaA gene, individually or in
combination, were slightly more prevalent in inva-
sive isolates than in skin isolates, but this differ-
ence did not reach the statistically significant level
of 0.05. There was no clear difference in the pre-
sence of the atlE gene. When we compared, within
the invasive group, the isolates with a positive
catheter culture (n¼ 13) to those with a negative
catheter culture (n¼ 12), we found no difference in
the presence of icaA or aap.
Colonizing isolates versus invasive isolates
The aap and icaA genes were clearly more preva-
lent in catheter-related isolates than in bacteremia-
related isolates. There was no difference in the
presence of atlE.
Clinical isolates versus skin isolates
We also calculated the difference between the 50
clinical (invasiveþ colonizing) isolates and the 29
skin isolates. The aap gene and icaA gene were
Figure 2 Prevalence of aap, icaA and
atlE in colonizing, invasive and skin
isolates. For each gene, the first bar
(gray) represents the skin isolates, the
second (black) the colonizing isolates,
and the third (white) the invasive
isolates. The ratios in the bars rep-
resent the absolute numbers.
Table 2 Comparison of the prevalence of icaA, aap and atlE
in skin isolates, invasive isolates, and colonizing isolates
Type of isolate Gene RR 95% CI P-value
Colonizing versus skin icaA 2.31 1.40–3.81 0.002
aap 1.69 1.14–2.52 0.02
atlE 1.07 0.83–1.39 0.45
Colonizing versus
invasive
icaA 1.49 1.06–2.08 0.06
aap 1.29 0.96–1.74 0.18
atlE 1.03 0.81–1.29 1.00
Invasive versus skin icaA 1.55 0.90–2.67 0.13
aap 1.31 0.86–1.99 0.30
atlE 1.12 0.88–1.44 0.52
Clinical
(colonizingþ invasive)
versus skin
icaA
aap
atlE
1.79
1.43
1.13
1.08–2.96
0.97–2.11
0.90–1.43
0.02
0.05
0.36
The RR is the relative risk of finding the gene in the speci-
fied groups. The 95% CI gives the 95% confidence interval
of the relative risk. The P-value gives the significance of the
differences in prevalence of the specified gene between the
studied groups.
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more prevalent in clinical isolates than in skin
isolates. The atlE gene tended to be more prevalent
in clinical isolates. The presence of both icaA and
aap seems to be the most specific marker for clinical
importance (56% versus 24%; RR 2.3). The sensi-
tivity, specificity and positive predictive value for
differentiating between clinical isolates and skin
isolates were, respectively: 74%, 48%, and 71% for
the presence of aap; 68%, 62%, and 76% for the
presence of icaA; 86%, 35%, and 69% for the pre-
sence of aap or icaA; and 56%, 76%, and 80% for the
presence of both genes.
D I S C U S S I O N
In this study, the prevalences of icaA and aap, both
involved in biofilm formation, and atlE, involved
in foreign body adhesion, were examined in S.
epidermidis isolates recovered from colonized
catheters, from invasive bloodstream infections,
and from the skin of healthy volunteers. Their
value for the classification of a single blood culture
isolate as puncture contamination or bloodstream
invasion was assessed. The atlE gene is slightly
more prevalent in colonizing and invasive isolates
than in skin isolates (88%, 85%, and 76%). The aap
and icaA genes are significantly more prevalent in
catheter-colonizing S. epidermidis isolates than in
invasive isolates or than in skin isolates (88%, 68%
and 52% for aap, and 88%, 59% and 38% for icaA).
However, the high prevalence of these markers in
skin isolates leads to a low specificity when the
presence of these genes is used to distinguish
clinically relevant from contaminant isolates.
Moreover, the biofilm-associated icaA and aap
genes seem to be mainly associated with catheter
colonization, and less clearly with subsequent
bloodstream invasion. The prevalence of icaA,
aap and atlE in invasive isolates is between the
prevalence in colonizing isolates and that in skin
isolates (Figure 2). For clinicians interested in
differentiating between, on the one hand, invasive
isolates, and on the other hand, colonizing and
contaminant isolates, icaA, aap and atlE are thus of
little value.
Regarding the prevalence of icaA in invasive
and colonizing isolates, our data are concordant
with those of Frebourg et al. [13] and Ziebuhr et al.
[12]. As in the study of Frebourg et al. [13], and
contrary to the study of Ziebuhr et al. [12], we
found a relatively high prevalence of icaA in skin
isolates (38%). In contrast to the previous studies,
we used only clinically well defined isolates, and
tested the sensitivity and positive predictive value
of the presence of one of these genes in clinical
decision-making.
A CNS infection is a complex and multistep
process. Successful infection is influenced by mul-
tiple factors that contribute to clonal spread, suc-
cessful skin and foreign body colonization, and
subsequent bloodstream invasion or persistent
infection. In order to minimize the influence of
clonal spread, we considered only one isolate per
patient, and controls were selected from the skin of
healthy people not coming into contact with the
hospital environment. We also selected for isolates
with a homogeneous phenotypic appearance, and
examined only one single colony per case, in order
to eliminate confusion caused by polyclonal infec-
tion.
All colonizing isolates had aap or icaA, but two-
thirds of the skin isolates also had one of these
genes, which may suggest that many skin S. epider-
midis isolates are potential foreign body colonizers.
This is the first study to evaluate the clinical
value of icaA and two additional genetic markers
of initial adhesion and biofilm formation in the
differentiation between invasive, colonizing and
contaminant S. epidermidis isolates. Although sig-
nificant epidemiologic differences in the preva-
lence of icaA, aap and atlE exist between these
groups, the presence of these genes in a single
isolate does not allow clinical decision-making.
Our finding may also have some relevance for
the understanding of the pathogenesis of foreign
body-related CNS infections. The pivotal role of
biofilm formation in the pathogenesis of foreign
body infections can be considered as established
[2,23]. However, the intermediate prevalence of
genes involved in biofilm formation in invasive
isolates suggests that different factors may be
involved in the successful colonization of a device
and in subsequent bloodstream invasion. Addi-
tional research is needed to unravel the exact
pathogenic sequence occurring during foreign
body-associated CNS infections, in order to
achieve better diagnosis and management of
CNS infections.
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